PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-353272 
(43)Date of publication of application : 06.1 2.2002 



(51)Int.CI. 



(21 Application number : 2001-157076 
(22)Date of filing : 25.05.2001 



H01L 21/60 
H01L 23/12 
H01L 25/065 
H01L 25/07 
H01L 25/18 
H05K 3/34 

(71) Applicant 

(72) Inventor : 



FUJITSU LTD 

FUJIMORI KUNIJI 
YAMAGUCHI ICHIRO 
YOSHIKAWA MASAHIRO 



(54) SOLDER BUMP FORMING METHOD AND SEMICONDUCTOR DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a solder bump forming method by which a 
semiconductor device having a three-dimensional mounting configuration can be easily^ 
and surely obtained with regard to the solder bump forming method and the 
semiconductor device. 

SOLUTION: The solder bump forming method comprises a process for forming a film 
26 covering a surface of a substrate 12 having a plurality of groups of electrode pads 
20A, 22A and 24A, a process for forming openings 20B, 22B and 24B corresponding to 
each electrode pad and having different sizes in each corresponding electrode pad 
group in the film 26, a process of forming bump electrodes 20, 22 and 24 which are 
fixed in the electrode pads within the openings, and a process of removing the film. 
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NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation approach of the solder bump characterized by to consist of the process which 
forms opening from which the front face of the substrate which has the electrode pad of two or more 
groups is corresponded to the process which forms the wrap film, and this film at each electrode pad, 
and magnitude differs for every group of this electrode pad, a process which forms the bump electrode 
fixed to the electrode pad within this opening, and a process which removes this film. 
[Claim 2] The process which forms this bump electrode is the formation approach of the solder bump 
electrode according to claim 1 characterized by including filling up these opening circles with soldering 
paste, and performing a reflow. 

[Claim 3] When the electrode pad of two or more groups makes n the natural number including the 
electrode pad of the 1st group, and the electrode pad of the 2nd group at least, Formation of the bump 
electrode on the electrode pad of the 1st group is carried out by restoration and the reflow of n times 
of soldering paste. Formation of the bump electrode on the electrode pad of the 2nd group is the 
formation approach of the solder bump according to claim 2 characterized by different restoration and 
the different reflow of the soldering paste of a count carrying out in h times. 

[Claim 4] The semiconductor device which comes to join the substrate which is formed in either of 
claims 1-3 by the formation approach of the solder bump of a publication, and has a bump electrode, 
and the electric element which has an electrode pad with a bump electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of forming a bump electrode on the 
electrode pad prepared on the substrate. Moreover, this invention relates to the semiconductor device 
which comes to join the substrate which has a bump electrode, and the electric element which has an 
electrode pad with a bump electrode. 
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*[0002] 

[Description of the Prior Art] Although densification is demanded of electronic-parts mounting in recent 
years, the system LSI which made two or more functions unify as further densification has been 
required. Although it was going to give two or more functions to the single semiconductor device in 
order to reply to this demand, many current practical use of the trouble on manufacture is not carried 
out. Instead of this, the semiconductor device which mounted the semiconductor device which has each 
function in three dimension attracts attention. For example, the laminating of the two semiconductor 
chips is carried out, and this layered product is mounted in a substrate, tn the semiconductor device of 
such a three dimension mounting gestalt, connection between a semiconductor device and a 
semiconductor device and between a semiconductor device and a substrate is made by wirebonding 
conventionally [ most ]. If such connection can be made with a bump electrode, it will be more high- 
density and improvement in the speed will become possible. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order to obtain the semiconductor device of a 
three dimension mounting gestalt using a bump electrode, it is necessary to form a bump electrode in 
each semiconductor device, and to mount two semiconductor devices using a bump electrode, to use a 
bump electrode for the further semiconductor device or the further substrate, and to mount the layered 
product obtained in this way in it. Such a three dimension mounting gestalt will lead to the rise of the 
number of production processes, or a manufacturing cost. 

[0004] Furthermore, with the formation of a ** pitch of a bump electrode, if the variation in the height of 
a bump electrode is large, there will be a danger that the probability for poor junction to occur will 
become high, and it will be thought that it is not an efficient approach. Moreover, as a trouble on 
mounting, short-circuit may occur in a bump electrode comrade by the variation in the load [ be / it / 
the bump electrode of a single presentation ] at the time of mounting of a semi-conductor etc. In the 
case of the solder bump electrode of an eutectic presentation, especially this inclination may be seen. 
Furthermore, it also has the problem that it will be weak against heat stress and the semi-conductor 
joined with the bump electrode will separate. 

[0005] The purpose of this invention is offering the semiconductor device manufactured by the 
formation approach of the solder bump who can get the semiconductor device of a easier and three 
dimension mounting gestalt certainly, and such a solder bumps formation approach. 
[0006] 

[Means for Solving the Problem] The formation approach of the solder bump by this invention is 
characterized by to consist of the process which forms opening from which the front face of the 
substrate which has the electrode pad of two or more groups is corresponded to the process which 
forms the wrap film, and this film at each electrode pad, and magnitude differs for every group of this 
electrode pad, a process which forms the bump electrode fixed to the electrode pad within this opening, 
and a process which remove this film. 

[0007] According to this approach, the bump electrode of two or more groups is formed on a substrate. 
For example, the bump electrode of the 1st group is for joining the 1st semiconductor device, and the 
bump electrode of the 2nd group is for joining the 2nd semiconductor device. Thus, two semiconductor 
devices can be easily mounted in one substrate. And if the bump- electrode of -the 2nd group is more 
expensive than the bump electrode of the 1st group, where it mounted the 1st semiconductor device in 
the substrate with the bump electrode of the 1st group first and the 2nd semiconductor device is 
carried on the 1st semiconductor device, it can mount in a substrate with the bump electrode of the 2nd 
group. Furthermore, the bump electrode of the 1st group can differ in a presentation from the bump 
electrode of the 2nd group. If it carries out like this, temperature can be changed, mounting of the 1st 
semiconductor device and mounting of the 2nd semiconductor device can be performed, generating of 
poor manufacture can be suppressed, and a cost rise can be prevented. Furthermore, each bump 
electrode eases the stress after the time of mounting, or mounting while it can also be made into the 
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"structure of having a high-melting core and prevents the bump short-circuit at the time of mounting. 
[0008] 

[Embodiment of the Invention] The example of this invention is explained with reference to a drawing 
below. Drawing 1 is the sectional view showing the semiconductor device of the example of this 
invention. Drawing 2 is the rough explanation-top view showing the semiconductor device of drawing 1 . 
A semiconductor device 10 consists of a printed-circuit board 12, the 1st semiconductor device 14, the 
2nd semiconductor device 16, and the 3rd semiconductor device 18. The 1st, 2nd, and 3rd 
semiconductor device 14, 16, and 18 has a function which is different in each. 

[0009] In drawing 1 and drawing 2 , although the printed-circuit board 12 is illustrated as a substrate, 
the substrate of this invention is not limited to a printed-circuit board 12. When only calling it a 
substrate on these specifications, all the things of others which can be set as the formation object of 
not only the substrate of narrow senses, such as a printed-circuit board and a semi-conductor wafer, 
but a bump electrode are pointed out 

[0010] A printed-circuit board 12 contains the bump electrode 20 of the 1st group, the bump electrode 
22 of the 2nd group, and the bump electrode 24 of the 3rd group. The bump electrode 20 of the 1st 
group is located in the center section of the printed-circuit board 12, and is the shortest, and its area is 
the smallest. It is located in the outside of the bump electrode 20 of the 1st group, the bump electrode 
22 of the 2nd group is tall, and its area is larger than the bump electrode 20 of the 1st group. It is 
located in the outside of the bump electrode 22 of the 2nd group, the bump electrode 24 of the 3rd 
group is tall, and its area is larger than the bump electrode 22 of the 2nd group. 
[0011] The 1st semiconductor device 14 is mounted in a printed-circuit board 12 with the bump 
electrode 20 of the 1st group. The 2nd semiconductor device 16 is mounted in a printed-circuit board 
12 with the bump electrode 22 of the 2nd group in the condition of having appeared in the 1st 
semiconductor device 14. The 2nd semiconductor device 18 is mounted in a printed-circuit board 12 
with the bump electrode 24 of the 3rd group in the condition of having appeared in the 2nd 
semiconductor device 16. Thus, the semiconductor device 10 which consists of three semiconductor 
devices 14, 16, and 18 mounted in three dimension can be manufactured simply and certainly. In this 
example, the bump electrode for two or more semiconductor devices bundles up to a single substrate, 
and is formed in it. 

[001 2] Drawing 3 is drawing showing the formation approach of the solder bump of the example of this 
invention. Drawing 4 is drawing showing the process of a continuation of the formation approach of the 
solder bump of drawing 3 . Drawing 5 is drawing showing the process-of a continuation of the formation 
approach of the solder bump of drawing 3 . In drawing 3 (A), the printed-circuit board 12 which has the 
electrode pads 20A, 22A, and 24A of two or more groups is prepared. Electrode pad 20A of the 1st 
group is formed in the location corresponding to the bump electrode 20 of the 1st group of drawing 1 . 
Electrode pad 22A of the 2nd group is formed in the location corresponding to the bump electrode 22 of 
the 2nd group of drawing 1 . Electrode pad 24A of the 3rd group is formed in the location corresponding 
to the bump electrode 24 of the 3rd group of drawing 1 . The area of electrode pad 24A of the 3rd group 
is larger than the area of electrode pad 22A of the 2nd group, and the area of electrode pad 22A of the 
2nd group is larger than the area of electrode pad 20A of the 1st group. 

[0013] The front face of a printed-circuit board 12 is covered, and it is formed so that the film 26 of 
resin may cover the electrode pads 20A, 22A, and 24A. The film 26 of resin consists of a resist 
preferably. The film 26 of resin consists of a dry film resist laminated on the front face of a printed- 
circuit board 12 in an example. Moreover, the resist applied to the front face of a printed-circuit board 
1 2 is sufficient as the film 26 of resin. 

[0014] In drawing 3 (B), the openings 20B, 22B, and 24B from which it corresponds to the film 26 of 
resin at each electrode pads 20A, 22A, and 24A, and magnitude differs for every this electrode pad 20A 
and 22A and 24A groups are formed. Openings 20B, 22B, and 24B are formed in the film 26 of the resin 
which consists of a resist of exposure and development At this time, the magnitude of opening 22B for 
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'forming the bump electrode 22 for joining the 2nd semiconductor device 16 mounted in the 2nd step is 
formed more greatly than the magnitude of opening 20A for forming the bump electrode 20, in order to 
join the 1st semiconductor device 14 mounted in the 1st step. The magnitude of opening 24B for 
forming the bump electrode 24 for similarly joining the 3rd semiconductor device 18 mounted jn the 3rd 
step is formed more greatly than the magnitude of opening 22A for forming the bump electrode 22, in 
order to join the 2nd semiconductor device 16 mounted in the 2nd step. 

[0015] In drawing 3 (C), the soldering paste 28 containing the metal used as a bump electrode is 
supplied to the front face of the film 26 of resin, and Openings 20B, 22B, and 24B are filled up with 
soldering paste 28 by skiing JINGU. In drawing 3 (D), a reflow of the soldering paste 28 is carried out, 
and the bump electrodes 20, 22, and 24 are formed with the metal in soldering paste 28. Joining of the 
bump electrodes 20, 22, and 24 is carried out to the electrode pads 20A, 22A, and 24A, respectively. 
Then, the flux component in soldering paste 28 is washed. 

[0016] In drawing 4 (A), the metal mask 30 which has opening only in the location equivalent to opening 
22B for forming the bump electrode 22 for joining the 2nd semiconductor device 16 mounted in the 2nd 
step is put, and opening 22B is filled up with soldering paste 32 by skiing JINGU. The melting point of 
the metal in this soldering paste 32 is lower than the melting point of the metal in the soldering paste 28 
with which it filled up first. For example, the metal in the soldering paste 28 with which the 1st time was 
filled up is the alloy of Sn:Pb=90~95:1Q-5. The metal in the soldering paste 32 with which the 2nd time 
was filled up is the alloy of Sn:Ag=99-95:1-5. 

[0017] The metal mask 30 is removed in drawing 4 (B). In drawing 4 (C), a reflow of the soldering paste 
32 is carried out, and the reconstititution of the bump electrode 22 is carried out A reflow is carried out 
by heating at temperature lower [ than the melting point of the metal in the soldering paste 28 with 
which it filled up first ] and higher than the melting point of the metal in the soldering paste 32 with 
which it filled up this time. The metal in soldering paste 32 fuses and the parts (core) of the bump 
electrodes 20 and 24 formed with the metal in the soldering paste 28 formed before and the bump 
electrode 22 are not fused. In this way, the bump electrode 22 which has a high-melting core is formed. 
The height of the bump electrode 22 becomes higher than the height of the bump electrode 20. Then, 
the flux component in soldering paste 32 is washed. 

[0018] Furthermore, in drawing 5 (A), the metal mask 34 which has opening only in the location 
equivalent to opening 24B for forming the bump electrode 24 for joining the 3rd semiconductor device 
18 mounted in the 3rd step is put, and opening 24B is filled up with soldering paste 36 by skiing JINGU. 
This. soldering paste 36 contains the metal which has the melting point lower than the melting point of 
the metal in the soldering paste 32 with which the 2nd time was filled up. For example, the metal in the 
soldering paste 36 with which the 3rd time was filled up is the alloy of Sn:Pb=60-70:40-30. 
[0019] The metal mask 34 is removed in drawing 5 (B). In drawing 5 (C), a reflow of the soldering paste 
36 is carried out, and the reconstititution of the bump electrode 24 is carried out A reflow is carried out 
by heating at temperature lower [ than the melting point of the metal in the soldering paste 32 with 
which the 2nd time was filled up ] and higher than the melting point of the metal in the soldering paste 
36 with which it filled up this time. The metal in soldering paste 36 fuses and the core of the soldering 
paste 28 formed before, the bump electrodes 20 and 22 formed with the metal in 32, and the bump 
electrode 24 is not fused. In this -way, the bump electrode 24 which has a high-melting core is -formed. 
The height of the bump electrode 24 becomes higher than the height of the bump electrodes 22 and 20. 
Then, the flux component in soldering paste 32 is washed. 

[0020] In drawing 5 (D), the film 26 of the resin which had covered the printed-circuit board 12 is 
exfoliated. By this, a printed-circuit board 12 will have two or more bump electrodes 20, 22, and 24 with 
which size and a presentation differ from height. The semiconductor device 10 of the three dimension 
mounting structure shown in drawing 1 and drawing 2 can be obtained by carrying out flip chip mounting 
of the 1st 2nd, and 3rd semiconductor device 14, 16, and 18 at a printed-circuit board 12 at the 
temperature which was adapted for the presentation of these bump electrodes 20, 22, and 24. In this 
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"case, the 1st, 2nd, and 3rd semiconductor device 14, 16, and 18 is gradually mounted according to the 
melting point of the bump electrodes 20, 22, and 24. The semiconductor devices 16 and 18 of the upper 
case by which laminating mounting is carried out have the long side compared with the semiconductor 
devices 14 and 16 of the lower berth. 

[0021] It is possible to manufacture the semiconductor device of the package by which laminating 
mounting was carried out with the chip on chip package, system in package, and chip module on chip, 
and a modularization gestalt using the bump electrode formed by the above-mentioned approach. As 
explained above, in order to perform bare chip mounting by forming in up to a single substrate the bump 
electrode with which size and a presentation differ from height, the process which forms a bump 
electrode in each semiconductor device can be skipped. Simplification of the substrate which forms a 
bump electrode is also possible. Since the size of the electrode pad for semiconductor devices mounted 
in an upper case and a bump electrode is large, the electric poor contact by peeling between the bump 
electrode by mounting stress and an electrode pad can be prevented. Moreover, since each bump 
electrode has the high-melting core, while it can prevent the bump inter-electrode short-circuit at the 
time of mounting, a change of the bump by the stress which starts after the time of mounting and 
mounting can be absorbed, and effectiveness is large. 

[0022] Moreover, in this example, after forming opening divided into the film 26 of resin by two or more 
groups, the opening is filled up with soldering paste and a bump electrode is formed by the reflow. and 
the approach of performing, when restoration of the soldering paste to opening of the film 26 of resin 
carries out skiing JINGU of the soldering paste on the front face of the film 26 of resin — or there is an 
approach with which puts a metal mask and it is filled up by skiing JINGU. These two skiing JINGU is 
used together in this example. No bump electrodes other than the bump electrode formed at the last 
process have projected the bump electrode formed by the above-mentioned approach rather than the 
film of resin. 

[0023] Drawing 6 is the rough explanation-top view showing the semiconductor device of other 
examples of this invention. A semiconductor device 40 consists of a printed-circuit board 42, the 1st 
semiconductor device 24, the 2nd semiconductor device 26, and the 3rd semiconductor device 28. The 
2nd and 3rd semiconductor device 26 and 18 has the same function mutually. A printed-circuit board 42 
contains the bump electrode 50 of the 1st group, the bump electrode 52 of the 2nd group, and the bump 
electrode 54 of the 3rd group. The bump electrode 50 of the 1st group is located in the center section 
of the printed-circuit board 42, and is the shortest, and its area is the smallest: They are mutually 
located in the outside of the bump electrode 50 of the 1st group at the symmetry, the bump electrodes 
52 and 54 of the 2nd and 3rd group are tall, and its area is larger than the bump electrode 50 of the 1st 
group. The 1st semiconductor device 44 is mounted in a printed-circuit board 42 with the bump 
electrode 50 of the 1st group. The 2nd and 3rd semiconductor device 46 and 48 is mounted in a 
printed-circuit board 42 with the bump electrodes 52 and 54 of the 2nd and 3rd group in the condition 
of having appeared in the 1 st semiconductor device 44. From drawing 3 , with reference to drawing 5 , 
as the bump electrodes 50, 52, and 54 were explained to the printed-circuit board 42, they are formed in 
it However, since the bump electrodes 52 and 54 of the 2nd and 3rd group are formed in coincidence, 
restoration and the reflow of soldering paste are good at 2 times. Thus, two or more semiconductor 
devices with a function which -is I which were and same^-functioned ] different can also be formed in 
juxtaposition. 

[0024] Drawing 7 is the rough explanation-top view showing the semiconductor device of other 
examples of this invention. A semiconductor device 60 consists of a printed-circuit board 62, the 1st 
semiconductor device 64, and the 2nd semiconductor device 66. A printed-circuit board 62 contains the 
bump electrode 68 of the 1st group, and the bump electrode 70 of the 2nd group. The bump electrode 
68 of the 1st group is located in the center section of the printed-circuit board 62, and is the shortest, 
and its area is the smallest. The bump electrode 70 of the 2nd group is located on the diagonal line of a 
printed-circuit board 62 on the outside of the bump electrode 68 of the 1st group. The 1st 
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'semiconductor device 64 is mounted in a printed-circuit board 62 with the bump electrode 68 of the 1st 
group. The 2nd semiconductor device 66 is mounted in a printed-circuit board 62 with the bump, 
electrode 70 of the 2nd group in the condition of having appeared in the 1st semiconductor device 64. 
From drawing 3 , with reference to drawing 5 , as the bump electrodes 68 and 70 were explained to the 
printed-circuit board 62, they are formed in it However, restoration and the reflow of soldering paste 
are good at 2 times. Thus, according to the area of a substrate, a tooth space, and the situation of 
wiring, it becomes possible to mount a semi-conductor at all include angles. The example of this 
laminating is an example and is limited to neither two steps nor three steps. Multistage mounting beyond 
it is possible. The bump electrode of each group consists of two or more bump electrodes, and all 
arrangement is possible for two or more trains, a zigzag array, etc. 
[0025] 

[Effect of the Invention] As explained above, according to this invention, the bump electrode formation 
process to the semiconductor device which carries out laminating mounting can be. skipped by forming 
the bump electrode which had two or more descriptions to the single substrate. Moreover, a bump 
electrode can be formed simply and certainly by preparing opening in the film prepared on the substrate, 
and forming a bump electrode. Moreover, the simplification of a substrate which has a bump electrode is 
also possible. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the semiconductor device of the example of this invention. 
[Drawing 2] It is the rough explanation-top view showing the semiconductor device of drawing 1 . 
[Drawing 3] It is drawing showing the formation approach of the solder bump of the example of this 
invention. 

[Drawing 4] It is drawing showing the process of a continuation of the formation approach of the solder 
bump of drawing 2 . 

[Drawing 5] It is drawing showing the process of a continuation of the formation approach of the solder 
bump of drawing 2 . 

[Drawing 6] It is the rough explanation-top view showing the semiconductor device of other examples of 
this invention. 

[Drawing 7] It is the rough explanation-top view showing the semiconductor device of other examples of 

this invention. 

[Description of Notations] 

10 — Semiconductor device 

12 — Printed— circuit board 

14 — Semiconductor device 
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*16 — Semiconductor device 
18 — Semiconductor device 
20 — Bump electrode 
20A — Electrode pad 
20B — Opening 
22 — Bump electrode 
22A — Electrode pad 
22B — Opening 
24 — Bump electrode 
24A — Electrode pad 
24B — Opening 
26 — Film 

28 — Soldering paste 
30 — Metal mask 
32 — Soldering paste 
34 — Metal mask 
36 — Soldering paste 



[Translation done.] 
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